c By targeting the erm(41) and rrl genes in the Mycobacterium abscessus group, a multiplex real-time PCR assay for clarithromycin resistance showed 95% (38/40) concordance with nucleic acid testing and 95% (37/39) concordance with phenotypic testing. This assay provides a simple and rapid alternative to extended incubation or erm(41) sequencing.
extraction, a sweep of multiple colonies on 5% sheep blood agar was suspended in sterile water to 0.5 McFarland density, boiled for 10 min, and then diluted 1:10.
The assay was first validated using 4 control isolates of the M. abscessus group with known erm(41) and rrl sequences obtained from ATCC (M. abscessus 19977) and ARUP Laboratories, along with 2 characterized M. chelonae isolates that lacked erm(41) and had wild-type rrl and 8 characterized M. avium isolates that lacked erm(41) and had either mutated or wild-type rrl obtained from the Stanford Health Care clinical microbiology laboratory strain collection. After initial validation of the control isolates, the assay was tested on 40 isolates of the M. abscessus group, consisting of 32 archived isolates from 26 patients seen at Stanford Health Care and 8 isolates from the University of Texas Health Science Center at Tyler Mycobacteria/Nocardia Laboratory. The results of the assay were compared to genotypic and phenotypic reference methods. The erm(41) sequencing was done on all isolates with a nontruncated erm(41) gene. PCR primers CTGACGGCACATCT GGTTG and ATCACCAGCACCGACGAAT were used to distinguish between full-length and truncated erm(41) genes and for sequencing. The rrl sequencing was done on isolates with mutated PCR results and to resolve discrepancies between PCR and phenotypic results. PCR primers rrl forward 1 and ACTACCCRCCA GGCACTGTC were used for rrl PCR and sequencing. Phenotypic testing consisted of a 3-day Etest (bioMérieux, Inc., Durham, NC) or a 14-day broth MIC test with a Sensititre Rapmyco panel (Thermo Fisher Scientific, Inc.) for all isolates that were still susceptible after the 3-day Etest. All discrepant isolates were sent to the University of Texas Health Science Center at Tyler Mycobacteria/Nocardia Laboratory for confirmatory phenotypic testing.
Of the 40 isolates tested, real-time PCR identified 18 (45%) with erm(41)-T28, 9 (22.5%) with truncated erm(41), 10 (25%) with erm(41)-C28, and 3 (7.5%) with mutated rrl. Of the 18 isolates with erm (41) analysis of the rrl gene in these isolates identified a mutation at position 2057 in the latter isolate. As the PCR primers in our assay only detect mutations at positions 2058 and 2059, the mutation in the latter isolate was not detected. If we exclude the mixed isolate from the analysis, the PCR susceptibility results were in agreement with the phenotypic results in 37 (95%) of 39 isolates. To our knowledge, this is the first published report of M. abscessus group isolates with a mixed erm(41)-C28 and erm(41)-T28 subpopulation. During the prevalidation phase of the study, 1 patient isolate demonstrated phenotypic clarithromycin resistance only after an extended 14-day incubation, suggesting the presence of a functional erm(41)-T28 gene. However, repeated real-time PCR detected a nonfunctional erm(41) gene with C28. Upon further investigation, it was found that PCR had been done on DNA extracted from a single colony of the mycobacterium. When DNA was extracted from a sweep of multiple colonies, a mixed population of erm(41)-T28 and erm(41)-C28 was identified. Single-plex PCR for erm(41)-T28 and erm(41)-C28 was done to confirm the presence of a mixed population. Although the presence of mixed subpopulations of mutated and wild-type organisms has been reported with rrl in M. abscessus (6) , mixed subpopulations of functional and nonfunctional erm(41) genes have not been reported previously. During the validation phase, we found 5 (12.5%) isolates from 4 patients with mixed erm(41)-C28 and erm(41)-T28 populations. These findings highlight the importance of testing multiple colonies, whether performing genotypic or phenotypic testing.
Prior studies described the application of conventional and probe-based real-time PCR for detection of functional erm(41) genes (7, 10) . The SYBR green-based real-time PCR assay described here provides a simpler alternative for detecting clarithromycin resistance in the M. abscessus group. Although doing phenotypic testing with an extended 14-day incubation can also detect inducible resistance, PCR is less labor-intensive and can provide results a few hours after a culture is isolated from a patient (7). PCR should even be able to detect the functional erm(41) gene directly in the clinical sample. Importantly, a representative portion of the sample (testing a sweep of several colonies if using solid agar) should be used to avoid missing an isolate with a mixed population of resistant and susceptible organisms. The rrl primers used in this study are also suited for rapid detection of acquired clarithromycin resistance in M. avium complex isolates. Although we showed that erm(41) and rrl accounted for the vast majority of clarithromycin resistance in the M. abscessus group isolates in our study, other mechanisms for resistance can also be present and would not be detected by this assay. Future research may help determine if patient outcomes can be improved with more rapid and accurate detection of clarithromycin resistance in this difficult-to-treat pathogen.
